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Nanotechnology has made it possible to treat even the most complicated 
of diseases. The advent of nanotechnology in the form of Nano medicine 
has made it possible to deliver the anticipated amount of drugs to the 
target site with extreme specificity and at the same time enhancing the 
likelihood to monitor events occurring at the target site. A variety of 
nanoparticles have been exploited as Drug Delivery Systems (DDS) and 
usually fall in the size range of 100- 500 nm. According to the 
experimental requirements, DDS can be custom-made through 
manipulation of surface characteristics, size, materials used, etc. and thus 
can be developed into smart Nano Systems. With Nanotechnology, 
multiple modalities can be combined into one Nano carrier, like a 
combination of both therapeutic and imaging agents which help to 
achieve the dual purpose of treating the disease as well as monitoring its 
progress.  
Cancer is one of the most deadly diseases in today’s world and is 
responsible for killing millions of people every year. Currently cancer 
treatment involves chemotherapy, surgery, radiation therapy, which form 
a backbone of cancer treatment. Chemotherapy is the most commonly 
used systemic treatment for restraining cancer cell proliferation, disease 
progression and metastasis. However, due to nonspecific targeting, 
chemotherapeutic drugs not only destroy proliferating cancer cells but 
also unavoidably harm normal cells, causing severe side effects which 
leads to formation of new tumors or tumor recurrence. Therefore, there 
arises need for drugs which can kill cancer cells however with minimal 
toxicity to normal tissues. 
Biologically active components like curcumin, flavonoids, resveratrol, 
saponins, etc.  derived from dietary sources are known to have anti-
cancer properties and high therapeutic value with minimal toxicity 
compared to conventional chemotherapeutics. In recent years, the idea of 
using nanoparticles as the carriers of natural products has attracted much 
attention. They can function as a probable substitute in limiting cancer 
proliferation and by taking advantage of nanotechnology maximum 
specificity can be accomplished. One such natural product is morusin, a 
chinese herb isolated from root bark of Morus Alba. Numerous studies 
have established morusin as a potent anti-cancer agent as well its use for 
inhibition of other diseases. It has been shown to constrain the expression  
of matrix metalloproteinases (MMPs) and other key molecules that are up 
regulated in the tumor microenvironment. Yet, the maximum therapeutic 
effect is restricted due to the poor hydrophobicity of the drug. The present 
work is segmented into six chapters, which mainly deal with the design of 
different combinations of morusin nanoparticles as efficient DDS, their 
synthesis, characterization and their application as drug delivery systems 
against cancer cells of different lineages. Following is the brief summary 
for each chapter: 
	
Chapter 1: Natural substances as promising drug candidates for 
Cancer inhibition: A Nano technological approach  
With its ever-changing dynamics, cancer remains one of the world’s most 
devastating diseases. The advent of Nanotechnology has made it possible 
to treat cancer cells with minimum off-target effects posed by standalone 
treatments like chemotherapy, radiation and surgery. Making use of 
Nanotechnology, the drugs can be delivered to cancerous cells actively or 
passively. The current chapter describes in a succinct manner cancer, its 
progression, presently employed treatment modules, their limitations and 
Nano technological interventions based on these. A detailed section is 
provided on the use of natural substances as potential inhibitors of cancer 
as well as the use of Nano technological systems for efficient delivery of 
these substances for maximum cancer inhibition. 
 
Chapter 2: Instrumentation and experimental techniques  
In our work we have synthesized Nano formulations of morusin for 
anticancer efficacy. In the current chapter, we have précised basic 
principles for the instruments like scanning electron microscope (SEM), 
transmission electron microscope (TEM), Fourier Transform Infrared 
Spectroscopy (FT-IR), U.V visible spectroscopy and others. 
 
Chapter 3: Formulation, characterization and evaluation of morusin 
loaded niosomes for potentiation of anticancer therapy 
Morusin has been reported to exhibit excellent anti-cancer efficacy 
against multiple cancer types. However, the insolubility of the drug 
hinders its therapeutic effects as well as increases the chances of 
unsolicited side effects. In this chapter we have discussed about the 
development of morusin encapsulated niosomes to analyze its anti-cancer 
efficacy against diverse types of cancer (colorectal: HT29, ovarian: 
SKOV-3, pancreatic: PANC-1 and triple negative breast cancer: MDA-
MB-453). Our synthesized Nano formulation had enhanced aqueous 
solubility compared to the free drug and the particles had an average size 
of 479 nm. The synthesized niosomes were highly cytocompatible in 
nature, with high drug entrapment efficiencies. Steady release of morusin 
along with prolonged toxic effects was perceived in cancer cells 
ascertaining morusin niosome system as an imperative tool for 





Gliomas, and in specific glioblastoma multiforme, are violent brain 
tumors characterized by a poor prognosis and high rates of relapse. 
Current treatment strategies consist of chemotherapy (temozolomide) and 
radiotherapy however the competence of chemotherapy is largely 
compromised by the blood-brain barrier (BBB) that selectively impedes 
drugs from infiltrating into the tumor mass. Thus,	more	effectual	targeted	
therapeutic	regimens	are	required. In	this	work	morusin	was	entrapped	
inside	PLGA,	a	FDA	approved	polymer	having	high	biocompatibility	and	




chloride	 channels	 in	membrane	 proteins	 of	 glioma	 cells.	 The	 targeted	
nanoparticles	 were	 then	 tested	 against	 three	 cell	 lines	 (HCN-1A,	 GI-1	
and	U-87	MG)	 in	 order	 to	 ascertain	 their	 effectiveness	 against	 glioma	
cells	 as	 well	 as	 check	 their	 biocompatibility	 in	 normal	 cells.	 These	
results	 provide	 evidence	 for	 the	 potential	 of	 CTX	 modified	 morusin	
loaded	 NPs	 as	 a	 targeted	 delivery	 system	 for	 brain	 Glioblastoma	
treatment. 
Chapter 5:  Dual drug delivery of morusin and 17-AAG loaded 
PLGA nanoparticles for combination therapy against breast cancer 
Breast cancer is the most common malignant disease in women 
worldwide, however the current therapeutic techniques are far from 
optimum as denoted by the high death rate of breast cancer patients. Nano 
medicine is a favorable substitute for breast cancer treatment. Nano 
medicine products like Doxil® and Abraxane® have already been used 
broadly for breast cancer adjuvant therapy with promising clinical 
outcomes.  Combination therapy amalgamates two or more therapeutic 
agents, which offer, enhanced efficacy compared to mono-therapy 
approach due to synergistic action of the two drugs. This methodology 
possibly shrinks drug resistance, while concurrently delivering 
therapeutic anti-cancer benefits, such as shrinking tumor growth, 
metastatic potential, and inducing apoptosis.  The	present	chapter	 lays	
stress	 on	 the	 presence	 of	 dual	 drugs	 in	 a	 common	 carrier	with	 the	
advantage	of	 reaching	 the	 target	 site	 simultaneously	and	displaying	
enhanced	anticancer	activity.	Morusin	controls	expression	of	Bax	and	
survivin	in	breast	cancer	cells	and	17-AAG	acts	on	Heat	shock	protein	
(Hsp90)	 gene,	 which	 is	 overexpressed	 in	 cancer	 cells.	 The	
nanoparticles	 were	 able	 to	 attain	 passive	 targeting	 by	 Enhanced	
Permeation	 Retention	 (EPR)	 effect	 with	 controlled	 release	 of	 the	
therapeutic	 agents.	 The	 results	 establish	 that	 morusin	 and	 17-AAG	
loaded	 PLGA	 nanoparticles	 can	 achieve	 notable	 antitumor	 activity	





exert	 significant	 cytotoxic	 effects	 on	 cancer	 tumor	 cells	 thereby	





efficacy	 of	 morusin	 was	 further	 augmented	 in	 glioma	 cells	 by	
entrapping	 it	 inside	 PLGA	 nanocarrier	 and	 coupling	 a	 targeting	
ligand,	Chlorotoxin	to	the	surface	of	nanoparticles.	High	cytotoxicity	
with	 increased	 cellular	 uptake	 was	 perceived	 in	 glioma	 cells	 thus	
verifying	 the	 efficacy	 of	 this	 Nano	 system	 against	 Glioblastoma.	
Morusin	 was	 also	 seen	 to	 work	 concretely	 with	 17-AAG,	 a	 Hsp90	
inhibitor	 for	 dual	 drug	 combination	 therapy	 in	 breast	 cancer	 cells.	
Enhanced	cytotoxicity	effect	was	detected	due	to	synergistic	action	of	
both	the	drugs.	
